Although generally limited to coastal waters of South America, South Africa, and New Zealand, dusky dolphins (Lagenorhynchus obscurus) show high potential for dispersal over large distances. In New Zealand, photographic identification data indicate a seasonal shift in residency of dolphins between Kaikoura and the Marlborough Sounds as well as changes in group size and behavior. The effect of this seasonal variation on the genetic structure of New Zealand's dusky dolphins was examined by sequencing a 473-base pair fragment of the mitochondrial DNA control region for 169 individuals from 4 regions along the New Zealand coast. A neighbor-joining phylogeny and an analysis of molecular variance did not support genetic subdivision among regions ( sr ϭ Ϫ0.041, P ϭ 0.13). However, nestedclade analysis demonstrated significant evidence for contiguous range expansion and fragmentation along the New Zealand coast. Seasonal movement patterns from Kaikoura to either Otago or the Marlborough Sounds and West Coast are presented as an alternative explanation of nested clade results. New Zealand-wide diversity indices and rate of substitution among sites were used to estimate effective female population size. Lineagesthrough-time analysis was used to test hypotheses of population growth. Structure of the neighbor-joining phylogeny, the nested haplotype network, and results of the lineagesthrough-time analysis suggest that the New Zealand dusky dolphin population underwent at least 1, if not 2, historical population expansions.
Cetaceans generally have high dispersal potential (Baker et al. 1993; Bakke et al. 1996; Rosel et al. 1995) , thus decreasing the likelihood of genetic differentiation among populations. Nevertheless, geographic distance is not necessarily correlated with genetic divergence in cetaceans (Hoelzel 1998) . Photoidentification (Würsig and Jefferson 1990) , behavioral data, and * Correspondent: aprilharlin@tamu.edu studies of mitochondrial DNA (mtDNA) lineages have revealed cases of local divergence between intraspecific populations (Dowling and Brown 1993; Garcia-Martinez et al. 1995; Hoelzel et al. 1998a Hoelzel et al. , 1998b Pichler et al. 1998) . Genetic divergence has been shown to occur over small geographic scales with gene flow limited by geographic barriers (Dowling and Brown 1993) , resource heterogeneity (Hoelzel 1998; Hoelzel and Do-ver 1991; Hoelzel et al. 1998a Hoelzel et al. , 1998b , habitat specialization (Pichler et al. 1998 ), or feeding-or breeding-site fidelity (Baker et al. 1990 (Baker et al. , 1993 Duffield and Wells 1991; Shane et al. 1986 ).
The dusky dolphin, Lagenorhynchus obscurus, is a Southern Hemisphere species that generally prefers deep (Ͻ2,000 m), temperate waters along the edge of continental shelves (Würsig et al. 1997 ). This preference for cooler mesopelagic waters has resulted in a discontinuous, regional distribution along the coasts of South Africa, South America, and New Zealand around 42ЊS latitude. In New Zealand, dusky dolphins occur around the North and South islands from Stewart Island in the south, Hawke Bay in the north, and the Chatham Islands in the east (Würsig et al. 1997) . Historical sightings suggest that groups are rare around the North Island but are common and abundant on the east coast of the South Island where deeper, cooler waters approach close to shore. This is especially true off the coasts of the Kaikoura and Otago peninsulas, where large groups are seasonally common. Both Otago and Kaikoura have short continental shelves that bring deep, nutrient-rich waters close to shore. In Kaikoura, the rich waters of the subtropical convergence support large populations of fishes and squid (Boyd et al. 1999) , which comprise the majority of the dusky dolphin diet (Cipriano 1992) . Although abundant in these 2 regions, dusky dolphins are rarely seen along the shallow shelf waters of the Chatham Rise that separate Kaikoura from Otago and extend eastward 467 nautical miles to the Chatham Islands (Würsig et al. 1997) . In contrast to the east coast, anecdotal evidence and casual observations during short coastal surveys (Bräger and Schneider 1998; A. D. Harlin, in litt.) suggest that dusky dolphin groups on the west coast of the South Island are comparatively small and rare. The northern half of the west coast, like the Chatham Rise, has a wide, shallow continental shelf. The pattern of increased abundance of dusky dolphins in the deep, coastal waters of New Zealand also is seen in Chile and Peru, where a narrow continental shelf and deep nearshore waters appear to be correlated with large aggregations of dusky dolphins (Würsig et al. 1997) .
Although the general distribution of New Zealand's dusky dolphins has been documented, little is known regarding population structure throughout the region. For instance, seasonal difference in group membership, size, behavior, and distribution support ''summer'' and ''winter'' groups in Kaikoura that are segregated temporally and behaviorally (Würsig et al. 1997) . Preliminary photoidentification data show a seasonal trend to resightings of individuals in Kaikoura, with Ͼ50% occurring in the same season and 9 of 10 in the same or adjacent seasons (Markowitz et al., in litt.) . Photoidentification data also support the conclusion that at least some individuals photographed in Kaikoura during the summer move 250 km north of Kaikoura to the Marlborough Sounds during winter and return again to Kaikoura the next summer (Harlin et al., in litt.) . These data support a general seasonal shift in distribution from the south in summer to north in winter in response to changes in water temperature (Cipriano 1992; Gaskin 1968 Gaskin , 1972 Leatherwood 1991; Würsig et al. 1991) . Although there appears to be little overlap in group membership between summer and winter months in Kaikoura and Marlborough, no information is available on the genetic distinction of these seasonal cohorts. Furthermore, it is not known whether the presence of shallow waters (e.g., the Chatham Rise) and seasonal movement patterns have acted as physical and behavioral barriers to dispersal. If gene flow were limited, division of dusky dolphins into genetically diagnosable populations along the New Zealand coast would be expected.
Intraspecific population structure often is examined by overlay of geography on haplotype trees generated from mtDNA sequence data (e.g., phylogeography-Avise 1995). However, this type of analysis alone can be misleading if sample size is not adequate to provide statistical significance or if sampling does not adequately cover the geographic range of the species (Templeton 1998) . Allelic markers (e.g., microsatellites) can increase statistical power to detect a difference among populations but often lack an evolutionary framework in which to examine historical processes (such as population fragmentation and range expansion) responsible for current patterns (Templeton 1998; Templeton et al. 1995 Wright 1931 Wright , 1943 can erroneously assess amount of gene flow, especially if populations have shared a recent ancestry (Templeton 1998). Nested-clade analyses developed by Templeton et al. (1987 Templeton et al. ( , 1992 Templeton et al. ( , 1995 provide statistical tests for association of haplotype variation and geography in a phylogenetic framework. This approach uses a statistical parsimony network and the number of steps linking haplotypes to examine the spatial distribution of haplotypes (Templeton 1998) . Statistically significant associations are interpreted using an inference key (Templeton 1998 ) based on patterns predicted by coalescence theory (Castelloe and Templeton 1994; Crandall and Templeton 1993) . With this technique, it is possible to examine both population structure and history and to use statistical tests of different predictions related to population range expansion and fragmentation.
Genetic differentiation can occur very rapidly when populations are in decline. In such cases, isolation due to reduction in range size in combination with accelerated extinction of DNA lineages (Avise et al. 1984) can result in greater differentiation between than within populations over short evolutionary time and on small geographic scales. Therefore, low levels of genetic diversity are often indicative of long-term past or contemporary population reduction. Tests for geographic range expansion with nested-clade analysis, although informative, do not allow interpretation of historical demographic patterns (e.g., population equilibrium or growth over evolutionary time) that accompanied the expansion. Additional tests of historical population demography, such as lineages-through-time (Nee et al. 1995) or analysis of pairwise differences (i.e., mismatch distribution-Slatkin and Hudson 1991), can add a demographic perspective to interpretation of population history and are potentially important to understanding intraspecific population patterns.
In this study, we investigate the geographical distribution of mtDNA control region haplotypes of the dusky dolphin in 4 main regions of their distribution along New Zealand's South Island (Kaikoura Peninsula, Otago Peninsula, Marlborough Sounds, and West Coast). Nested-clade and lineages-through-time analyses are combined with standard phylogenetic approaches and information on natural history (e.g., from photoidentification and behavioral observations) to investigate changes in population size, patterns of genetic variation, and the overall influence of historical and demographic effects on current patterns of population structure in New Zealand.
MATERIALS AND METHODS
Sample collection.-From 20 July 1997 to 26 July 2000, exfoliated skin was collected from bow-riding dolphins with a scrub pad affixed to a wooden dowel (''skin swabbing'') as described by Harlin et al. (1999) from 4 regions throughout New Zealand (Table 1; Fig. 1 ). Additional samples were from dolphins cast onto beaches that were collected for necropsy (Table 1) . Vessel position with respect to the group was changed regularly to prevent repeated sampling of individuals. Observations of scars, pigmentation patterns, and dorsal fin notches suggested that the composition of bow-riding individuals was fluid because dolphins frequently replaced one another from the larger group. Skin samples were stored in 20% dimethylsulfoxide solution saturated with salt (Amos and Hoelzel 1991) . Sample size ranged from 14 to 106 per locality (Table 1; Fig. 1 ). DNA extraction and amplification.-Total genomic DNA was isolated from beach-cast specimens with a standard protease digestion and phenol-chloroform protocol (Sambrook et al. 1989) . Skin swab samples were extracted with a similar protocol modified for accommodation of the sampling pad or with a silica-based spin-column procedure (Qiagen, Valencia, California). DNA was suspended in 100 ml of 1ϫ TE (10 mM Tris, 1 mM ethylenediaminetetraacetic acid [EDTA]), pH 8.0. Negative controls were included in all extractions.
A fragment of approximately 500 base pairs of the 5Ј end of the mtDNA control region was amplified by the polymerase chain reaction (PCR- Saiki et al. 1988 ) for 169 samples from throughout New Zealand (Table 1 ). The PCR was performed in 50-l reaction volume containing 10ϫ Tris-HCl (pH 8.8), 2.5 mM MgCl 2 , 200 mM deoxynucleotide triphosphates (dNTPs), 0.2 M of each oligonucleotide primers, and 1 unit of Taq DNA polymerase. PCR primers were those of Baker et al. (1996) , tPro (5Ј-TCA CCC AAA GCT GRA RTT CTA-3Ј) and Dlp5 (5Ј-CCA TCG WGA TTT CTT ATT TAA GRG GAA-3Ј). The PCR conditions included 94ЊC for 2 min followed by 35 cycles at 92ЊC for 30 s, annealing at 52ЊC for 30 s, and extension at 72ЊC for 30 s.
Polymerase chain reaction products were visualized on a 1.6% agarose and Tris-borate EDTA (TBE) gel matrix. Before sequencing, excess primers and dNTPs were removed using either High-Pure (Roche Diagnostics Corporation, Indianapolis, Indiana) or Qiaquick (Qiagen) spin columns. Amplified PCR products were sequenced with Big Dye termination chemistry (ABI Biosystems, Foster City, California) on an Applied Biosystems (ABI Biosystems) automated sequencer (either model 373 or 377) following protocols of the manufacturer (Perkin-Elmer Biosystems, Wellesley, Massachusetts). Sequences were aligned using Clustal W software (v. 1.6- Thompson et al. 1994) . A minor adjustment was made to the sequence alignment with the MacClade software data editor (v. 3.06-W. P. Maddison and D. R. Maddison 1996) to incorporate a single insertion or dele-tion of 1 nucleotide. Forward and reverse strands were sequenced for all haplotypes.
Genetic evaluation of sampling design.-Measures of population subdivision can be influenced by group structure if samples are not drawn at random from the population (Ross 2001) . To assess the potential for sex bias in our sampling regime, gender was determined for a total of 78 individuals: 36 from Kaikoura, 14 from Otago, 18 from Marlborough Sounds, and 10 from the West Coast. Gender determination was done by simultaneous amplification of the X-chromosome zinc-finger protein (ZFX) and the Y-chromosome sex-determining region (SRY) following the protocol of Banks et al. (1995) and is available from authors on request.
To exclude the potential of sampling the same dolphin more than once, a combination of microsatellite allelic diversity and distinguishing marks on the flank, face, or dorsal fin were used to discriminate among individuals. Three DNA microsatellite loci (TAA-31-Palsbøll et al. 1997; 415/416-Schlötterer et al. 1991; EV 94-Valsecchi and Amos 1996) were amplified for 25 individuals with the same mtDNA haplotype. Fluorescent dye-labeled primers were used for PCR amplification, and genotyping was conducted on an ABI Biosystems 373 automated sequencer. Allele sizes were determined by comparison with internal size standards with the software program GeneScan (v. 1.1, ABI Biosystems). In addition, 39 individuals were identified by sample collection in tandem with photographs of sampled individuals. None of the individuals that shared mtDNA haplotypes had the same microsatellite allele profile. Comparison of photographs of sampled individuals revealed no inadvertent resampling of dolphins with unique markings. Therefore, it was assumed that no individual was sampled more than once.
Genetic analyses.-Standard diversity indices, such as nucleotide diversity (), haplotype diversity (h-Nei 1987) , and number of polymorphic sites, were estimated. Diversity indices were calculated for all 169 individuals. New Zealand-wide estimates of diversity were used in subsequent calculations of demographic statistics. All diversity indices were estimated using the Arlequin software package (v. 2.0-Schneider et al. 2000) .
Genetic differentiation among 4 regions around the South Island (Table 1 ; Fig. 1 ) was investigated with an AMOVA (Excoffier et al. 1992) . One thousand nonparametric permutations were performed to test for significant differences in calculated sr values. In addition to an AMOVA, an exact test of population subdivision based on haplotype frequencies (Raymond and Rousset 1995) was performed with the Arlequin software package (v. 1.1- Schneider et al. 1997) .
Both maximum-parsimony and distancebased analyses of relationships among haplotypes were performed using PAUP* (v. 4.063a -Swofford 1999) . Parsimony analyses used the heuristic search option, tree bisectionreconnection branch swapping, and 10 random additions. Given the large number of equally parsimonious trees (greater than 4,000), an unrooted neighbor-joining phylogram (Saitou and Nei 1987 ) was constructed using Tamura-Nei distances (Tamura and Nei 1993) corrected for variation in substitution rate among sites. The frequency of multiple substitutions per site was assumed to follow a gamma distribution. A discrete method (Yang and Kumar 1996) with 8 rate classes was used to estimate the shape parameter (alpha -Yang 1996) of the distribution by maximum-likelihood evaluation of an uncorrected neighbor-joining phylogeny in the program PAUP*. Groups identified by neighborjoining analysis were evaluated with 500 bootstrap replicates (Felsenstein 1985) , by heuristic search with tree bisection-reconnection and random addition of haplotypes.
The frequency, spatial distribution, and evolutionary history of the mtDNA control region haplotypes were used to test the null hypothesis of random geographic association of maternal lineages-through-time. This analysis of nested clades (Templeton et al. 1987 (Templeton et al. , 1992 (Templeton et al. , 1995 allows one to examine population structure and history and to interpret the processes (range expansion, fragmentation, isolation by distance, etc.) that relate to current patterns of haplotype distribution. Before nested-clade analysis, a haplotype network derived under the criteria of maximum parsimony is generated and subsequently nested into a series of clades separated by 1 substitution (''step'') increments (Templeton et al. 1992) . The average distance that clades (or haplotypes) within a nested level lie from the geographic center of distribution for all members of that clade that bear a particular haplotype is calculated for all members of a given x-step clade (clade distance, D c ) and the higher-level nested clade (nested-clade distance, D n ) that contains the x-step clade. These distances (D c and D n ), as well as the geographic distance between members of tip and interior clades (or haplotypes) that bear the same haplotype (interior to tip distances, I-T), are randomly permuted to create a null distribution for comparison with observed values. Historical processes were inferred in this study with a standardized key (http://zoology. byu.edu/crandalllab/geodis.htm-Templeton 1998) based on the distances within clades that were significantly larger or smaller than expected at the P Յ 0.10 level.
A statistical parsimony network of the control region haplotypes was created with the program TCS (v. 1.13- Clement et al. 2000) . Haplotypes in the 0-step network were nested in a hierarchical series of 1-step, 2-step (and so on) clades until the entire network was nested into a single clade following the rules outlined by Templeton et al. (1992) . The resulting nested network was used in nested-clade analysis. Statistical tests of geographic association of nested clades were performed with the program GeoDis (v. 2.0-Posada et al. 2000) with 10,000 replications. Because dolphins must use aquatic corridors to move between coastal regions, a pairwise distance matrix of the shortest distances between the centers of the 4 South Island regions was used to estimate D c , D n , and I-T distances (Table  1) .
Population demography was examined with lineages-through-time analysis (Nee et al. 1995) . This method generates a plot of the log-transformed number of coalescence events per unit time in a phylogeny and compares this with the frequency of cladogenesis expected from a population at equilibrium. The shape of the lineages-through-time curve indicates periods of exponential growth, constant population growth, or decline, i.e., a convex curve indicates exponential growth; a concave curve suggests a constant rate of change over time. A log-likelihood ratio test (Felsenstein 1981 (Felsenstein , 1988 failed to find a significant difference between Tamura-Nei neighbor-joining topologies with and without a molecular clock constraint (P ϭ 0.14); therefore, lineages-through-time analysis was performed under the assumption of an equal rate of evolution among lineages. A plot of the number of lineages-through-time was generated from a phylogenetic tree reconstructed with the UPGMA ultrametric clustering algorithm in PAUP*, based on Tamura-Nei distances with correction for among-site rate heterogeneity (alpha ϭ 0.10). The probability (P k ) that a lineage at time t will have k bifurcations at the present was calculated for all lineages to test the null hypothesis of population stability. Lineagesthrough-time analysis was performed with the program End-Epi (v. 1.0- Rambaut et al. 1994) .
In addition to tests for constant population size, we calculated the effective population size of female dusky dolphins in New Zealand. Watterson (1975) showed that ϭ 4N e , where the parameter estimates nucleotide diversity (-Nei 1987; Nei and Li 1979) , N e is the effective population size, and is the per-lineage nucleotide substitution rate per generation for a particular nucleotide sequence. Whereas nucleotide diversity is an estimate of , it holds true that at equilibrium E() ϭ ϭ 4N e for nuclear markers (Rooney 1998) . It follows that E() ϭ ϭ 2N f for mtDNA, where N f is the number of breeding females.
In order to calculate female effective population size, dusky dolphin and harbor porpoise control region sequences were compared to estimate the mutation rate () of the hypervariable I and flanking regions of the dusky dolphin lineage. The rate of nucleotide substitution per lineage per year () was estimated with the equation ϭ d/2T, where d is the number of nucleotide substitutions per site and T is the time since divergence (Li 1997) . The per-lineage rate of nucleotide substitution per generation () was obtained by multiplying by generation length.
The average number of nucleotide substitutions per site (d) was estimated with pairwise, gamma-corrected, Tamura-Nei distances (alpha ϭ 0.10) between a harbor porpoise and 169 dusky dolphin control region sequences. The date of the Phocoenidae and Delphinidae divergence (T) was estimated from the fossil record to be between 1.0 ϫ 10 7 and 1.1 ϫ 10 7 years ago (Barnes 1985) . The resulting range of was multiplied by a conservative estimate of dusky dolphin generation time of 10 years to obtain . Nucleotide diversity () and were used to estimate a range of effective female population sizes for New Zealand dusky dolphins.
RESULTS
Genetic diversity.-Of the 169 dusky dolphin control regions examined, 62 polymorphic sites defined 76 haplotypes. Of FIG. 2. -Unrooted neighbor-joining phylogram of 169 mitochondrial DNA control region haplotypes from dusky dolphins. The phylogram was generated using Tamura-Nei distances corrected for among-site rate heterogeneity (alpha ϭ 0.10). Branch-length scale is in units of substitutions per site. Subgroup A corresponds to haplotypes in clade 5-2 (Fig. 4) and is characterized by long branches and multiple unsampled intermediates. Subgroup B corresponds to clade 5-1 in Fig. 4 . The short branches, internodes, and low frequency of missing intermediates in this group suggest recent population expansion. these 76 haplotypes, 45 were found only once, and the most common (H) was shared by 16 individuals. All substitutions were transitions except for 1 insertion or deletion and 3 transversions. Haplotype diversity was 0.972, and nucleotide diversity was 0.022 Ϯ 0.011. Mean number of pairwise differences was 10.3 Ϯ 4.73. Nucleotide composition was typical for cetacean control region sequences , with nucleotides A and T represented in greatest proportion (30.62% and 34.76%, respectively) followed by C (21.49%) and G (13.13%).
Seasonal sex ratios.-Gender determination revealed a seasonal bias to group composition. The sex ratio was 1:1 for samples collected in Kaikoura (n ϭ 36) and for all 78 samples combined from all regions. Samples from Otago, Marlborough Sounds, and the West Coast deviated from the expected 1:1 ratio. In Otago and the West Coast, the ratio of females to males was 13: 1 and 7:3, respectively, and in Admiralty Bay, Marlborough Sounds, all 18 individuals examined were males. These skewed sex ratios coincide with the season in which the samples were collected; i.e., samples were collected in Otago and the West Coast during the breeding season (summer) when females and calves are known to be aggregated closer to shore (Würsig et al. 1997) . Samples from the Marlborough Sounds were collected from all-male groups during the nonbreeding season (winter).
Regional population structure.-No significant partitioning of variance among the 4 geographic regions of the South Island was observed ( sr ϭ Ϫ0.041, P ϭ 0.13, 1,000 permutations), and an exact test (Raymond and Rousset 1995) revealed no evidence of population differentiation (P ϭ 0.57). The neighbor-joining phylogram contained 2 subgroups with distinct branching patterns (Fig. 2 ) that corresponded to similar patterns in the nested-clade network (Figs. 3 and 4) . Subgroup A (Fig. 2) and clade 5-1 (Fig. 4) were characterized by long branches and internodes and as many as 12 missing intermediates among haplotypes. In contrast, subgroup B (Fig. 2) had short internodes and branches that corresponded to clade 5-2 (Fig. 4) with few unsampled intermediates. A 50% bootstrap consensus of the neighbor-joining phylogeny failed to support relationships among haplotypes. Visual inspection of the neighbor-joining tree failed to find an association of haplotypes with geographic locality.
Haplotype network and nested-clade analysis.- Figure 3 represents the 0-step statistical parsimony network of control re- Table 2 ). Symbols as in Fig. 3. gion haplotypes. Three reticulations, or alternate equally parsimonious connections, were present within the 0-step haplotype network. Two of these reticulations (R1 and R2) were unambiguously resolved with the rules outlined by Crandall and Templeton (1993) and Templeton and Sing (1993; Fig. 3) . One reticulation (R3) could not be unambiguously resolved within the 0-step network but subsequently was collapsed in the formation of 1-step clades (Fig. 4) . The final network contained a series of 5 nested levels (Fig. 4) . Nested chi-square contingency analyses found significant relationships among the spatial distribution of haplotypes for clades 3-2 (P ϭ 0.07), 3-6 (P ϭ 0.009), and 5-2 (P ϭ 0.09). Furthermore, 10,000 permutations of clade (D c ) and nested-clade (D n ) distances suggested that the distribution of haplotypes in New Zealand was significantly different from random within clades 2-23 (alpha Յ 0.05; Fig. 4 ) and 1-38, 3-2, 3-8, 4-4, 5-1, 5-2 (alpha Յ 0.10; Fig. 4) . A summary of the nestedclade analysis results and interpretations are summarized in Table 2 and presented in Fig. 5 .
Historical demography.-The presence of 2 convex curves in the log-transformed plot of lineages-through-time (Fig. 6A) , separated by a smooth, horizontal curve, indicates at least one old, and perhaps another relatively recent, expansion with a period of stasis between periods of rapid growth. The rate of cladogenesis was greater than expected for all but 1 internal branch (P k Ͻ TABLE 2.-Summary of inferences regarding demographic events deduced from clades with significant nested-clade values. Clade 2-23 is nested within 3-2, 3-2 within clade 5-2, and clade 3-8 within 5-1. A ''Ͼ'' or ''Ͻ'' symbol indicate a D c or D n value that is significantly larger or smaller than expected if haplotypes were distributed randomly. P values indicate probability that the D c or D n values estimated from the data were observed by chance. Inferences were drawn from the nestedclade analysis interpretation key of Templeton (1998) . The steps in the chain of inference can be examined by comparison with this key. 0.001; Fig. 6B ). The within-lineage mutation rate () for the 5Ј end of the dusky dolphin control region was estimated at 6.3-7.0 ϫ 10 Ϫ8 substitutions per site per year based on a 10-million-year divergence date. This estimate is slightly less than for humans (Vigilant et al. 1991 as modified by Nei 1992) and is several fold faster than Nee et al. 1995) . B) Dendrogram derived from the UPGMA clustering algorithm. Distances were estimated using the method of Tamura-Nei without gamma correction (alpha ϭ 0.10) for among-site rate heterogeneity. Hashed branches indicate greater than expected rate of lineage diversification at P Ͻ 0.001. the minimum estimate for delphinids and baleen whales (Baker et al. 1993 , but see Rooney et al. 2001 ). Using mutation rates () ranging from 6.3 ϫ 10 Ϫ7 to 7.0 ϫ 10 Ϫ7 , the female effective population size was estimated to be between 15,700 and 17,500 individuals.
DISCUSSION
Regional population structure and range expansion.-Both AMOVA and the neighbor-joining haplotype phylogeny failed to demonstrate significant geographic structure relative to the distribution of mtDNA haplotypes throughout New Zealand. Although neighbor-joining analysis and tests of population structure failed to find genetic differentiation among localities in New Zealand, nested-clade analysis (Templeton 1998 ) indicated significant association of haplotypes with geography within 2nd, 3rd, and 5th level clades (Table 2 ). This nonrandom distribution of haplotypes was interpreted with Templeton's inference key to be a result of both contiguous range expansion and population fragmentation ( Table 2) .
The pattern of haplotype distribution across nested levels supports a general north and south shift in relative frequency of haplotypes among regions (Fig. 5) . All nested clades with significant evidence of range expansion and fragmentation contained haplotypes from Kaikoura (Fig. 5 ), which were placed within internal clades (Figs. 3 and 4 ) more often than other geographic regions. Furthermore, the region furthest from Kaikoura (i.e., Otago) had haplotypes present more often in tip clades (Fig. 5) . Given these results, coalescence theory predicts that Kaikoura was the center of a range expansion along the New Zealand coast (Crandall and Templeton 1993) either to Otago or to the Marlborough Sounds and the West Coast (Fig. 5 ). All these results are related to the distribution and abundance of mtDNA haplotypes associated with Kaikoura and populations in other regions. Taken at face value, the nested-clade analysis suggests geographic structure to the mitochondrial data, reflecting old events as seen by the level of nesting associated with many of these expansions and fragmentations. Nevertheless, there is an alternative explanation that relates more to the seasonal biology of the species. Dusky dolphins are well known for being highly vagile and regularly make seasonal movements over long distances. There is evidence for this along the coasts of Argentina (Würsig and Bastida 1986) and New Zealand (Wür-sig et al. 1997) . In New Zealand, photographic data indicate that dusky dolphins make regular, 500-km round-trip migrations between Kaikoura and the Marlborough Sounds and longer, less frequent movements between Kaikoura and the West Coast (Markowitz et al., in litt.) . In addition to seasonal migrations, dusky dolphins also alter group composition between breeding and nonbreeding seasons. Gender determination suggests that the Marlborough Sounds is a region for postbreeding adult males to overwinter. Furthermore, the majority of individuals in small groups in Otago and the West Coast during the breeding season are females. Only in Kaikoura, where dolphins were sampled in all seasons, does the sex ratio equal the expected 1:1. If seasonal migrations north and south along the coastline result in temporal segregation of maternal lineages, these movements could produce a pattern of haplotype distribution that appears similar to range expansion, depending on the season and location where samples were collected. This would be especially true if seasonal migrations were temporary, long-distance movements of genetically defined demes (e.g., matrilineal), as observed in female humpback whales (Megaptera novaeangliae) during the breeding season (Baker et al. 1993) . Further investigation into these seasonal patterns may provide important information regarding the behavioral biology of these dolphins along the New Zealand coast.
The inability of distance methods and tests for partition of genetic variance to detect the differentiation along the New Zealand coast supports Templeton's (1998) claim that such methods alone can be inadequate to evaluate intraspecific population structure. However, in cases where fine-scale temporal segregation of populations, such as those due to seasonal changes in distribution, results from nested-clade analysis should be interpreted with caution. Conclusions derived from nested-clade analysis will be misleading unless sample collection is designed to account for seasonal shifts in distribution. In cases where the seasonal movement patterns of a species are unknown, the interpretation of nestedclade analysis results may be unreliable.
Population expansion.-An examination of the lineages-through-time plot suggests a period of demographic expansion within New Zealand (Fig. 6A) . These results support a previous study by Harlin (1999) , which interpreted a bimodal distribution of pairwise differences between mtDNA control region haplotypes (a so-called mismatch distribution-Slatkin and Hudson 1991) as support for potentially 2 expansion events in New Zealand (Rogers 1995; Rogers and Harpending 1992) . The neighborjoining tree, depicting relationships among haplotypes (Fig. 2) , the nested-clade networks (Figs. 3 and 4) , and the 2 convex curves in the lineages-through-time plot (Fig. 6B) allude to these events. For instance, in terms of haplotype groupings, there appears to be a set of haplotypes consisting of short branch lengths, short internodes, and few unsampled intermediates (subgroup B, Fig. 2; clade 5-2, Fig. 4 ). Another group of haplotypes (subgroup A, Fig.  2 ; clade 5-1, Fig. 4 ) is characterized by long branches, long internodes, and as many as 12 inferred intermediates among haplotypes.
Coalescence theory predicts that clades are nested in a nondecreasing age series so that higher-level clades must be as old as or older than lower-level nested clades (Templeton 1998) . The nature of these 2 subgroupings within the neighbor-joining phylogram and nested haplotype networks may reflect the relative timing of expansion events suggested by lineages-through-time analysis. For example, the ''bush-like'' branching pattern within subgroup B (Fig.  2) , 1-step haplotypes within nested clades 1-36 and 2-23 (Figs. 3 and 4) , and the lack of missing intermediates in clade 4-3 (Fig.  4) all indicate a relatively recent expansion. In contrast, the abundance of unsampled intermediates in clade 5-1 (Fig. 4) is indicative of a much older expansion followed by differential lineage sorting.
Consideration of this hypothesis requires the investigation of broader geographic patterns of mtDNA haplotype diversity throughout the range of the dolphin species. Dusky dolphins are discontinuously distributed in a step-wise fashion around 42ЊS latitude, i.e., their 3 main regions of distribution (South America, South Africa, and New Zealand) are connected by a series of small islands. Sightings around these islands have been confirmed; however, the regularity with which dusky dolphins use these islands is unknown. Because of the potential for stepwise, long-distance movements among regions, the study of the historical demography of the species must include sampling in New Zealand, South America, and South Africa. Perhaps, the pattern of haplotype relationships observed in New Zealand may reflect historical events related to exchanges among regions, as well as past and current restrictions to gene flow among these regions. This is an important consideration, especially when evaluating female effective population size from diversity estimates. For instance, our calculations of N f from nucleotide diversity suggest an effective female population of 15,000-17,000 in New Zealand. The diversity levels calculated in this study might include remnants of a much larger, global population, resulting in an inflated estimate of N f for New Zealand.
Further insight into the demographic history of dusky dolphins in New Zealand could be achieved by examining the degree and timing of divergence among the 3 regions of dusky dolphin distribution (i.e., New Zealand, South Africa, and South America). Very little is known about the relationship between New Zealand dusky dolphins and conspecifics in other regions of the world. The phylogeographic pattern of dusky dolphin origin and radiation in the Southern Hemisphere may allow us to pinpoint the timing of colonization of or dispersal from New Zealand and thus place observed demographic patterns into a temporal perspective. If the separation from other regions occurred relatively recently, one would predict similar levels of diversity and degree of divergence among all 3 regions. A comparison of molecular diversity and phylogenetic relationships among South American, South African, and New Zealand dusky dolphins would provide further insight into the biogeographic and demographic history of dusky dolphins in New Zealand and throughout their range. 
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